_[e”ulo\r Respirafior;

9\ G‘!OO\\S 0-‘: Ce‘l\)\mf RQSP?FOLHQV\

O ’Srea\(' down Svgars so H\Q\l ean be
chonged into other vsable por+s,

® Release the energy Stored in sSvgars
to malkke ATP.

G.: Why do plonts need this if they make ATp
dur'ms Photo synthesis 727

A. The ATP made during Phetosynthesis js
USED vp during photosynthesis)

* Plonts coan make all the svgar they tant bot

WS vselesS unless theydo something withit.

Most Evkaryotes carry oot Cellolor Respimtim,

3 Phases of Cellolg ¢ Respimhon
\. G\\lcol\( Si1S
. Krews Cyele

3. Oxidodtive Phospharyiotion



E QUATION.

b0y +CH,0, — 6CO; t GH, 0
The "O/:»,oosi te* of Photosynthesis

1. Reactions of G/yco/ yS/S
A. Glycolysis means "Split sugar"

(D Star+ with oNE molecule of GLUCOSE
Cb Hlaob

CH.0H

! B
Ho \ ou A OH
H OH

@ I ATP each +ranster a phosphate 1o Glucose




@ Now the molecole "Splits" and +he resul +

1S Two 3-Carbon Molecu\es, ecach with
o phos phate qroup .

c-c-c-® + c-c-c-P

For EACH molecule , NAD™ gets reduced

ond oxidizes our 2 svgors. A phosphote
gqoup 1S attached also,

®-c-Cc-c® + @-Cc-c-cP
NAB"'/\NADH NAB/\NADH

® @
[a NADH)

@ An enzyme tokes of f the @ of each
molecule gnd attoches i1+ Yo ADP = AATP

C-¢c—c® + c-c-cP
ADP f ADP
. é

[FZATP




@ Anoﬁer enZ\Mme removes the other pkosphmle
from the svgar molecoles. Many rearrangements
+o the "Svgar" ‘r\Q,PPQ/\Qd d.urin3 these processe S,

T he Molecvle we are lefF+ with s Called

PYRUVATE, & ATP also were made

c-¢c-C c-C-C
| ADP
Yo E G AP

[X Pyrovate T L ATP]

Ove\"view owc (:llycol\,s.‘s
A_Glucose —» —LATP— TAATP > TQATP
NET= ATP foom Glyco/ys:“S'.

/D’Udvc-l' malecple = 2

Other Produets = 2

Now WHAT 277



G\\'r.o\ys'\s kﬁppeﬂs in the CYTOPLA SM .

- Pyruvatle is transporied into the mitochondria
w\\ere. 'H\o_ next oL Pkases hquen'

~The Krebs cycle vses Acetyl| CoA.

Pyruvate - COy, =———> )
Y A o~ To/——A\_? Aceh,l Co-A.
NAD  NADH

z"’o Know

¥ Steps not required but realize pyrovate

MVST be converied and that NADH is made
in Hhe process. 3k

lvcos @

!

P yrovate




A. The Krebs Cycle
Locotion : Mitochondrial Matrix

c-c-c-C + C-C{GA— (¢-c-C-c-¢

(Oxo.\oo.ceh’:e) (Acew\) (Citrat e)
Cok:

AQ€+\,\ CoA joins Oxoloecetate ,the CoA isremouved,

€oA

@ (-c-C-C-C-C Xy (-C-C-CCoA
\’acoa\

A NADH

En2ymes remove CO5 and the enegy release |
'S v3ed +to moake NADH, CoA is added

® c-c-c-c {CA)
CoC-CACA)_S7coc-c-c

AD P+ @//\4

CoA 33 removed ond the. eneguis vsed $o
form ATp.

2 NADY




@ (-C-C-C ————> c-¢-¢-C

oxaloacetate
N °+/\ NADH ¢ )

FAD FABN,

MM\, Complex rearmn_gemem"s occur, NAD*M:I
O~ Similor molecule , FA b, 9e+ redvced fo 'fvl‘M

NADH ed FA—DHZ . Oxaloacetatfe is
regenerafed.

Each of these steps happen 4o each oariginal
inpvt of ACefyI—CoA,

* Inven-}'on,&, from Krebs Cycle
For each Pyruvate=

- & NADH (Treasport into Mitochondria +forming

A-Ct.-l'yl CoA)
"X ATP ¢
~ b NADH vebs Cycle
- A FADH,

So {'G\r.. 3



_ ATP NADH /FAD H.

Glyeolysis A ATP A NADH
eeos Cycle | L ATP  [ANADHTT=wor

| A 16 NADH /& FADN,

Toras - UATP 10 wabH §2 FADH,

"Y ATP is really great ond all,but its really.
not+ o lo#)

« Whaiig with the NADH )

Remember thot NADPH was an electron corrier

NADM is Sl'm'l\od') (FADH,_ A)so)

The 3"& ond fina) S+ep puts all the electro
Carriers 10 work, , similar+o +he LDR'Sdid.



@ Oxidative Phosphorylod-ion

* Oxidative phosphorylotion vses the elec+rons

frim NADH/FADH, to generate o proton gradient.

' Every NADH can provide enesgy +o pPomp 3 H?
Fom +he matrix into the inferme mbroye spoce.
(FADH, can pwp 2 HY).

* The HY builds vp causinge o disequilibrium.
TW\e\, con "CSche" 'H\rwsh AT P sSynthas e

* T his is similo.r 10 +he one Fom phofosyn thesrs,
bvt it-is more efficiens| There ;s o /]
ratio for H+ pumped +o /Z}TP eréatfed .




“The Whole process 1S accompli'shed USM?- the
prorn gaadient = CHEMIOSMoss

* Note that the Final destination For electrons
15 inside the bonds of-a_ water moleavle.

- Water /s made 07£ OXreeN and Ayo/mlyen,

- Bleavse OXyg_g_Q 1S a_ Fina |l electron aca;oﬁ?/‘
this ﬁrm of cellviar /es,oimh‘m /S moré

Speciticall V- called  AEROBIC Respimtion.

Many Bacteryo. live in anger bic phce s

but vse & similor process. Many vse Svbfor
- &S the Faal electron alceptor,

Totols From Cellular KeSpiro:h‘oﬂ

~ ATP - Glycolysis
& ATP - Krebs Cyele

3Y ATP — Oxidotive Phosphorylation

33 ATP| From A Glucose molecole




P\e\a+ed Process eS

A . FerMen "'Ocl-\‘on (NADH gives electrons to an organic
molecule)

- H«ppens when Oxygen is not+ presen+ and
&5 o "quick fix" for ATP.

O Loctic Acid Fermentadion

-Py.-wo&e IS converted 40 lac+ic Aeid
-Makes L ATP

' Happens in muscle cel\s (No oxygen!) CowseS Crowps |

(® Alcoholic Fermentahon
¢ Pyruvde iS converied +o E-iham)\
* Mokes J_ ATP

* Yeo\s+5 pse +this and I'ndustries
depend on i+ for beer ¥+ wine Making,

'~ Releases CO5 (Bubbles in beer and
cavses bread Jo rise )



Glycolysis Diagram

Glyc ,"" Kr
‘ =2 T

/] —

Note the location!

Eleétron
ebs transport chain
cycle and oxidative
N

phosphorylation

NN
{ NS
%%ié

W a

Products per Glucose =
2 Pyruvate

2 ATP

2 NADH, 2 H+

H

Transporting Pyruvate
into the mitochondria

Changing pyruvate into
Acetyl-CoA =

Releases 2 carbon dioxide
Forms 2 NADH and 2 H+
(accounts for each pyruvat

ENERGY-INVESTMENT PHASE

Glucose W

é ADP 2ATP |

ENERGY-PAYOFF PHASE

\
| 4ADP 4 A@

Y

[ 2NAD* 2 NAD1}>

L* 2 Pyruvate

Glucose ——— 2 Pyruvate + 2H,0
2ADP +23), ——>» 2 ATP
2NAD* ——— 2 NADH +2H*

NET

GURE 9.8 - The energy input and output of glycolysis.

CyrosoL // MITOCHONDRION

Transport protein
NAD* |NADH|+H*

PYRUVATE

Coenzyme A ACETYL COA
e)

FIGURE9.10 = Conversion of pyruvate to acetyl CoA, the junction

a3 between glycolysis and the Krebs cycle. A protein built into the
inner mitochondrial membrane translocates pyruvate from the cytosol
into the mitochondrial matrix. Then (D) the carboxyl group of pyruvate,
already fully oxidized, is removed as a CO, molecule, which diffuses out
of the cell. @) The remaining two-carbon fragment is oxidized while
NAD™ 1s reduced to NADH. 3 Finally, the two-carbon acetyl group is
attached to coenzyme A {CoA). The coenzyme has a sulfur atom, which
attaches to the acetyl fragment by an unstable bond. This activates the
acetyl group for the first reaction of the Krebs cycle.



Krebs Cycle Diagram. Note the location. Don't memorize names
unless | specified them in the notes!
Starts out with = 2 Acetyl-CoA

] Tlectron
Glycolysis / transport chain
s % and oxidative

phosphorylation

Releases 4 carbon dioxide

& dw

Forms 2 ATP, 2 FADH2, and 6 NADH
Note: Diagram shows only ONE Acetyl-CoA input!!!!

@ Acetyl CoA adds its two-carbon fragment to oxaloacetate, a four-carbon compound.

name!!!

@ The last oxidative step
produces another.molecule
NADH and regenerates
oxaloacetate, which accepts
two-carbon fragment from

acetyl CoA for another turn of

= Important step or

The unstable bond of acetyl CoA is broken as oxaloacetate displaces the coenzyme
and attaches to the acetyl group. The product is the six-carbon citrate. CoA is then
free to prime another two-carbon fragment derived from pyruvate. Notice that
oxaloacetate is regenerated by the last step of the cycle. -

S—CoA
i—o
of 1
a Acetyl CoA @ A molecule of water s

removed and another is
added back. The net result is

the cycle. the conversion of citrate to
— its isomer, isocitrate.
NADH |
+H* O=? c fliOO' H;O
CH. . e
NAD* N e ‘ o0
C00” HO—C—1.00" CH,
Oxaloacetate éH (2] o
elelon | 2 HC—:"00
~00” HO—CH
HO—CH
Malate éH Citrate I oo-
2 ——
COO- Isocitrate © The substrate
loses a CO,

20, molecule, and

® KREBS (3] the remaining

CYCLE five-carb
i NAD* wve-carpbon
H,0 -/

@ Bonds in the $OO—
substrate are H

compound is

ADH oxidized,
reducing NAD*

: Fumarate +H" {5 NADIL
rearranged in il CoA—SH
is step by
the addgﬁén COo0O™ a-Ketoglutarate
of a water
molecule. 0 > s
4 00 CoA—SH {°
CH CH,
-FADH 2
2 éHz 9 (::H; <O,
FAD too- i ——

i 1
O In another oxidative step, ~ Succinate 5—CoA NADH

two hydrogens are
transferred to FAD to
form FADH,.

GTP GDP Succinyl 3 O This step is catalyzed by a
CoA +H multienzyme complex very
+ L similar to the one that
® converts pyruvate to acetyl

CoA. CO, is lost; the

remaining four-carbon
compound is oxidized by
the transfer of electrons to

NAD* to form NADH, and
is then attached to coenzyme
A by an unstable bond.

ADP

© Substrate-level phosphorylation occurs in
this step. CoA is displaced by a phosphate
group, which is then transferred to GDP to
form guanosine triphosphate (GTP). GIP is
similar to ATP_ which is formed when GTP
donates a phosphate group to ADP.

CHAPTER 9 # CELLULAR RESPIRATION HARVESTING CHEMICAL ENERGY 157



8.4

Electron
transport chain

Inner

mitochondrial
membrane

2H*+10,

—————

FADHZ2 would pass electrons

at this point.

ADP + @,

& 4

Intermembrane Protein complex
space of electron
carriers

Inner

mitochondrial

membrane AT

NADH|+ H*

(Carrying electrons
from food)

Mitochondrial

matrix

ELECTRON TRANSPORT CHAIN

ATP SYNTHASE

FIGURE 9.15 » Chemiosmosis: How the
mitochondrial membrane couples electron
transport to oxidative phosphorylation.
NADH shuttles high-energy electrons extracted
from food during glycolysis and the Krebs cycle
10 an electron transport chain, which is built into
the inner mitochondrial membrane. The gold
arrow in this diagram traces the transport of
gléctrons, which pass to oxygen at the “down-
hill” end of the chain to form water. Most of the
cytochromes and other electron carriers of the
chain (see FIGURE 9.13) are collected into three

Oxidative Phosphorylation Diagram

Note

the locations for events.

complexes, each represented here by a purple
blob embedded in the membrane. Two mobile
carriers, ubiquinone {Q) and cytochrome ¢, move
rapidly along the membrane, ferrying electrons
between the three large complexes. As each
complex of the chain accepts and then donates
electrons, it pumps hydrogen ions {protons) from
the mitochondrial matrix into the intermembrane
space (magenta arrows trace H™ transport).
Thus, chemical energy harvested from food is
transformed into a proton-motive force, a gradi-
ent of H* across the membrane. The hydrogen

Notice that each NADH can drive 3 H+ across membrane.
Each H+ = Energy to power ATP synthase, making 1 ATP.
10 NADH = 30 ATP

Notice that FADHZ2 enters after the first proton pump, so can only drive 2 H+
> EADH = 4 ATP pump, y across membrane.

34 ATP from oxidative phosphorylation

ions complete their circuit by flowing down their
gradient through an H* channel in an ATP syn-
thase, another protein complex built into the
membrane. The ATP synthase harnesses the pro-
ton-motive force to phosphorylate ADF, forming
ATP. {This 1s called oxidative phosphorylation
because it is driven by the exergonic transfer of
electrons from food to oxygen.) This mechanism
for energy coupling—the use of an H™ gradient
{proton-motive force) to transfer energy from
redox reactions to cellular work (ATP synthesis,
in this casej—is called chemiosmosis



Overview of ATP totals from Cellular Respiration
NOTICE THE LOCATIONS!!!
Glycolysis = Cytosol

Krebs Cycle = Mitochondrial Matrix (Goopy fluid inside mitochondria)
Ox. Phos. = Inner Mitochondrial Membrane (Electron transport chains require membranes!)

CYTOSOL | MITOCHONDRION ™. _
Y \ = S
] | e, “
g H \\? \
Electron ot [ / {
shuttle across / / 2 NADH 6 NADH| ' |2 FADHZI R
membrane .

f/\ ~,
// \\\ \\
r |/ \
| )
\Y = ; \\\ g ,l //
i B
GrycoLysis e s )2 - ELECTRON C
::> TRANSPORT CHAIN p==
Acetyl .
Glucose Pyruvate CCEZ Lo AND OXIDATIVE
/ o PHOSPHORYLATION
| e i '
| i 3 i \\\
x\ ,// 4 \ ‘E \1 \\ R
A et A
. \\ Ji / /,; =
\\\ S S ()
\\ - ) ///
| +2ATP +2 ATP + about 34 AT
by substrate-level by substrate-level by oxidative
phosphorylation phosphorylation phosphorylation
. J
Maximum per glucose: About

38 ATP



Fermentation Diagrams

2ADP+2@), % o
K e B
&

&

Glucose | GLYCOLYSIS j>

gL <——— Alcohol Fermentation

|
H—C—OH(S
CH,

2 Acetaldehyde

(a) Alcohol fermentation

2 ADP + 2 (@),
: Lactic Acid Fermentation
N

Glucose | GLYCOLYSIS on /

l
/\ Clz o
Cc=0 Glucose

Cytosol

(b) Lactic acid fermentation

Mitochondrion

The "fate" of pyruvate
depends on the presence or
absence of OXYGEN.



What are you responsible for knowing?

1. Locations for processes

2. Reactants & Products for each process

3. ATP used/gained for each process and in total

4. How oxygen affects the metabolic path used

5. Molecule names only if mentioned in notes (not diagrams)
6. Relationship(s) between processes



